Abstract: Fat-free yoghurt was made by replacing buffaloe's skim milk with sweet buttermilk at the rate of 25, 50, 75 and 100%. Resultant yoghurt was stored at (6±1˚C) for 12 days. The effects of different levels of buttermilk on the chemical, rheological and sensory quality of fat-free yoghurt were followed. The total solids of fat-free yoghurt were significantly reduced as compared to control full fat yoghurt as a result of skimming. There were a significant effect on fat content of yoghurt during the storage period, While no significant (p<0.05) differences among the fat-free treatments were observed. Using buttermilk did not affect significantly acidity and pH values. Replacement of buffaloe's skim milk by sweet buttermilk caused a significant increase in acetaldehyde and diacetyle content as compared with control fatfree yoghurt. It was noticed that replacing of buffaloes' skim milk with different ratios of buttermilk caused reduction of syneresis compared to control fat-free (T2). Using buttermilk with different ratios reduce the firmness of the fat-free yoghurt significantly (p<0.05) as compared to full fat yoghurt. Replacing buffaloes' skim milk with sweet buttermilk affect significantly (p<0.05) the viscosity and increased consistency of fat-free yoghurt as compared with control fatfree yoghurt (T2). Fat-free yoghurt manufacture by replacing buffaloes' skim milk with sweet buttermilk up to 50% gained higher scores for flavour, body & texture and the total score than control fat-free yoghurt (T2). It could be concluded that, fat-free yoghurt made with 50% sweet buttermilk as a replacement of buffaloe's skim milk exhibited creamy mouth feel, homogenous good texture and perceived overall-acceptability among the experimental fat-free yoghurt, and were quite similar to that of full-fat yoghurt.
INTRODUCTION
In recent years, the demand for foods low in calories and foods enriched with nutrients that have health promoting and or disease -preventing properties has increased notably the demand for low fat or nonfat dairy products. Yoghurt is the most popular fermented milk produced in Egypt and worldwide. During the past decade, full fat yoghurt consumption has declined due to changes in dietary habits. As milk fat plays an important role in yoghurt quality attributes, therefore, fat reduction can cause some defects in yoghurt such as lack of flavor, weak body and poor texture (Haque and Ji, 2003) .
Buttermilk is the liquid phase released during churning of cream in the process of butter making. This liquid phase contains most of the water soluble component of cream. The composition of buttermilk is often compared to that of skim milk. The main compositional difference between buttermilk and skim milk is the higher concentration of milk fat globule membrane material naturally concentrated by the churning process (Corredig et al., 2003; Rombaut et al., 2005; Jinjarak et al., 2006) . Milk fat globule membrane is composed mainly of proteins, phospholipids and minerals (Walestra et al., 2006) . The high content of phospholipids in buttermilk makes this dairy ingredient interesting for use as a functional ingredient because of the emulsifying properties of phospholipids (Wong and Kitts, 2003; Morin et al., 2006) . Recent advances in dairy science have shown that some components of buttermilk could also be exploited as health ingredients. For example, sphingomyelin through its bioactive derivates (Parodi, 1997) . Growing interest is showing on that particular by-product because of its unique composition and its high nutritional and good emulsifying power (Astaire et al., 2003; Morin et al., 2004) . It is well known that the production of every 200
Kg butter would yield 166 Kg buttermilk as a byproduct (El-Hofi et al., 1999) .
Using buttermilk as dairy ingredients will achieve three objectives, the first is economical when utilize the by-product in preparing some dairy products, the second is environmental where the pollution will be decreased and the third is nutritional where buttermilk has the similar composition of that of skim milk.
Therefore, the present study was carried out to evaluate the possibility of making good quality fat-free set yoghurt by replacing buffaloe's skim milk with sweet buttermilk at the rate of 25, 50, 75 and 100% and to monitor the effect of different levels of buttermilk on the chemical, rheological and sensory quality of the resultant fat-free yoghurt.
MATERIALS AND METHODS

Materials:
Fresh buffaloe's milk (9.4 % SNF and 6 % Fat) was obtained from a private farm in Ismailia Governorate. Sweet buffaloes' buttermilk (9 % TS and 0.4 % fat) was obtained by churning sweet Buffaloes cream. Skim milk powder (97 %TS, Grade A-low heat -spray dry process) product by west farm Foods, USA. Direct Vat Starter (DVS) yoghurt culture was obtained from CHR Hansen̕s Laboratories, Denmark, under commercial name type (FD-DVS-YC-X11) containing Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus in the amount of 50 unit/250 cm 3 of the processed milk, which corresponded to 2% of activated working starter.
Methods:
The experimental design was performed to compare full-fat yoghurt and fat-free yoghurt as control with four different fat-free yoghurt made by replacing 25, 50, 75 and 100% of buffaloe's skim milk with sweet buttermilk (Table 1) . Yoghurt preparation was carried out in six treatments. Buffaloe's milk was standardized to 4% fat and served as control full-fat yoghurt (T1). The other five treatments were fortified with 3% skim milk powder to gain a thick smooth and good quality yoghurt.. Treatment (T2) made from 100% buffaloes' skim milk (SM) (0.4% fat) and served as control fat-free yoghurt. Treatment (T3), made from 75% SM + 25% BM. Treatment (T4), made from 50% SM + 50% BM. Treatment (T5), made from 25% SM + 75% BM. Treatment(T6), made from 100% buttermilk (BM)(0.4% fat). The different formulations of milk were heat treated 95°C/5 min. followed by cooling to 42˚C, inoculated with yoghurt culture and filled into 120 ml plastic cups, covered and incubated at 42˚C until a firm curd was formed. The resultant yoghurt was kept in a refrigerator (6±1˚C) for 12 days.
Yoghurt samples were followed for chemical, syneresis, rheological characteristics and sensory evaluation when fresh and after 3, 6, 9 and 12 days of cold storage at 6±1°C.
Methods of analysis:
Total solids, fat, protein, lactose and ash contents of milk used in yoghurt manufacture were determined according to AOAC (1990) . Yoghurt samples were checked for pH values using Jenway pH meter (Jenway limited, England). Acetaldehyde and diacetyle content were determined as index of flavor intensity in yoghurt according to Lee and Jago, (1969) . Whey separation was measured by centrifugation method as following: 25 g of set style yoghurt was centrifuged using IEC PR-700 Centrifuge, USA at 3000 rpm for 5 min. The volume of supernatant was determined as syneresis index and expressed in percent according to Keogh et al. (1998) . Firmness of yoghurt was determined at 5˚C according to the method described by Abou El -Nour et al. (2004) Sensory evaluation of yoghurt samples were evaluated according to Tamime and Robinson (1999) . Yoghurt was examined for flavour (0-10 points), body and texture (0-5 points) and appearance and colour (0-5 points) scale by 10 panelists from the staff member of the Dairy Department, Suez Canal University.
Statistical analysis
All obtained data were subjected to the statistical analysis and analysis of variance by the procedure of general linear model using CoStat (1998) under windows software version 6.311 and least significant difference (LSD). Test were employed to determine significant difference at p<0.05.
RESULTS & DISCUSSION
Chemical properties of yoghurt:
The T.S content of different treatments were ranged between 13.76-15.62 % in fresh yoghurt samples and increased to 14.28-16.24% after 12 days of cold storage ( Table 2 ). The changes in T.S of different treatments during cold storage periods were significant (p<0.05). This may be due to slight water evaporation from yoghurt samples during cold storage. Similar findings were reported by El-Shibiny et al. (1979) and Mehanna and Gonc (1988) . Full fat yoghurt had higher T.S content among all treatments as a result of the total solid content of yoghurt milk Table (1). The total solids of fat-free yoghurt milk samples were significantly reduced as a result of skimming. Using buttermilk in yoghurt making increased T.S slightly of the resultant yoghurt sample except for treatment (T6) which is significantly higher than treatment (T2). The lowest value of T.S was found in that made from 100% skim milk (treatment 2) during all the storage period.
The storage period significantly (p<0.05) affected the total solids of yoghurt treatments which reach the highest value at 12 days of storage. It was clear that there were a significant effect on % fat content of yoghurt during the storage period and no significant (p<0.05) differences among the fat-free treatments. All fat free yoghurt had lower content of fat % as compared with full fat yoghurt as a result of differences in milk composition.
The acidity % increased significantly (p<0.05) as the storage period progressed in all treatments due to starter culture activity which produces lactic acid from lactose fermentation (Table 3) . Similar observation was reported by Osman and Ismail (2004) . Titratable acidity of fat-free yoghurt treatments were significantly different. Control full-fat yoghurt (T1) had lower acidity than those fat-free yoghurt while treatment (T6) had higher acidity among all treatments.
The changes in the pH values for all the yoghurt treatments have the opposite trend for acidity percentage. All pH values of yoghurt samples tended to decrease with prolonged the storage period. These results are in agreement with those reported by Kebary (1996) , Badran (2004) and Kebary et al. (2008) . Using buttermilk did not affect significantly acidity and pH values.
Acetaldehyde and diacetyle content:
The typical yoghurt flavour is caused by lactic acid bacteria, which imparts an acidic and refreshing taste. Also, mixture of various carbonyl compounds like acetone, diacetyle and acetaldehyde, the latter of which is considered the major flavour component (Tamime and Deeth, 1980) . The volatile compounds such as acetaldehyde and diacetyle are a key compound for typical yoghurt aroma (Gallardo-Escamilla et al., 2005) . The changes in acetaldehyde and diacetyle contents of yoghurt during cold storage were illustrated in Table ( Replacement of buffaloes' skim milk with sweet buttermilk caused a significant increase in acetaldehyde and this increment was proportional to the amount added of buttermilk up to 100% replacement Table (4) as compared to control fat-free yoghurt (T2). These results might be due to the presence of some constituents in buttermilk those stimulate the production of acetaldehyde. Also, replacement of buffaloes' skim milk with sweet buttermilk caused significant differences in diacetyle content among all treatments. Acetaldehyde and diacetyle contents of all yoghurt treatments increased gradually (p<0.05) and reached their maximum values at 6 th day of storage, then decreased up to the end of storage period (12 days). Similar trends were obtained by Badawi et al. (2008) , El-Sonbaty et al. (2008) and Kebary et al. (2009) . This decrease may be attributed to the ability of Streptococcus thermophilus to reduce these compounds to acetone (Farag, 2002) . Much of the acetaldehyde is formed during fermentation and the stability of acetaldehyde is pH-dependent, whereas lower pH values, acetaldehyde can easily be oxidized to acetate and therefore, during storage, the level of acetaldehyde decreased. There were a significant (p<0.05) difference in acetaldehyde and diacetyle contents between the control full-fat yoghurt and the other fat-free treatments. Using buttermilk with different amounts in fat-free yoghurt increased acetaldehyde and diacetyle. These results might be due to the presence of some constituents in buttermilk those stimulate the production of these compounds.
Syneresis:
Syneresis from all yoghurt treatments decreased (p<0.05) as storage period progressed and reached their minimum at 9 th day of storage then increased up to the end of storage period (Table 5 ). This increase of wheying off might be due to acid development which causes the contraction of curd and hence the expulsion of whey. These results are in agreement with those reported by Abd El-salam et al. (1990) ; Badawi et al., (2008) and Kebary et al. (2009) . Most of fat-free treatments had significantly higher(p<0.05) syneresis as compared to control full-fat (T1) except (T6) this may be due to that the small fat globules with casein on their surface acting as casein micelles or submicelles may aggregate together during casein precipitation (Trachoo, 2003) . It was noticed that replacing of buffaloe's skim milk by different ratios of buttermilk caused reduction of syneresis compared to control fat-free (T2). The decrease of whey syneresis for yoghurt treatments was proportional to the rate of replacement with sweet buttermilk Table (5) . These results might be due to some constituents of buttermilk which prevent casein micelles from excessive fusion and form a fine meshed gel net work which is less susceptible to whey separation (Danneberg and Kessler, 1988) . Le et al. (2011) and Romeih et al. 2012 ) attributed this mainly to the increased hydration capacity of buttermilk components with particular respect to its protein and phospholipid contents. Phospholipids are known to have high water-holding capacity due to their amphiphilic characteristic (Morin et al., 2008) . These results are in accordance with those of Trachoo & Mistry (1998) and Turcot et al. (2001) .
Firmness:
The firmness data showed in Table ( 6) illustrate that full fat yoghurt (T1) was firmer than the other fat-free treatments. This difference was due to higher TS and protein content in full fat yoghurt (T1). Increased protein content in yoghurt resulted in an increase in the level of bound water (water of hydrated proteins) and led to firm and viscous yoghurts (White, 1995) . The firmness data in Table ( 6) illustrate that yoghurt made by replacing buffaloe's skim milk with sweet buttermilk (T3, T4, T5 and T6) were softer than control full-fat and fat-free (T1 and T2).
The firmness of all treatments increased significantly during the storage period. Using buttermilk with different ratios reduce the firmness of the fat-free yoghurt significantly (p<0.05) as compared to full fat yoghurt. Among all yoghurt treatments, full fat yoghurt was the firmest (p<0.05), followed by fat-free yoghurt (T2).
Apparent viscosity and consistency index properties:
The changes in viscosity, consistency index between treatments during the storage period were illustrated in Table (7) and Figs. (3), (4). It was noticed that apparent viscosity of full fat yoghurt (T1) was significantly higher than the other fat-free treatments, which correlated with firmness data. Replacing buffaloe's skim milk with sweet buttermilk affect significantly (p<0.05) the viscosity of the resultant yoghurt treatments as compared with control fat-free yoghurt (T2). There were differences in apparent viscosity (p<0.05) among all fat-free yoghurt. These results are in agreement with those reported by Trachoo and Mistry, (1998) . Apparent viscosity of all treatments increased significantly (p<0.05) throughout the storage period. It was noticed that there were significant (p<0.05) differences between treatments. Also, it was noticed that full fat yoghurt (T1) appeared the highest consistency index than those of fat-free treatments. Moreover, results showed wide differences in consistency index between control fat-free yoghurt (T2) that gave the lowest value of consistency index than that of other fat-free treatments (T3:T6). It was noticed that treatment 6 that made with 100% buttermilk appeared consistency index than those of replacement 25, 50 and 75%. Consistency index of all treatments increased throughout the cold storage up to 12 days. Adding buttermilk increased consistency of fat-free yoghurt. The explanation of the above behavior can be attributed to the increase in apparent viscosity values of corresponding treatments. The increment of apparent viscosity seems to be due to the increase of protein content in buffaloes' full-fat milk.
Sensory evaluation:
The effect of using different ratios of buttermilk on the sensory evaluation of yoghurt during storage period at 6±1˚C for 12 days are shown in Table (8). A significant difference (p<0.05) was observed between control full-fat (T1) and control fat-free (T2) yoghurt, reflecting the negative effect of fat reduction on appearance scores of yoghurt. However, the fat-free yoghurt manufacture by replacing buffaloes' skim milk with sweet buttermilk up to 50% (T4) gained higher scores of flavor and the total score than the control fatfree yoghurt (T2).
The score of flavour for all yoghurt samples increased up to 3 days then gradually decreased along the storage period. However the highest flavour score was for control (T1) when fresh and during the storage time. Treatment (4) had the highest flavour score among all fat-free treatments. Using different ratios of buttermilk did not affect significantly (p<0.05) the body and texture of fat-free yoghurt treatments as compared to control fat-free yoghurt (T2). In all treatments the body and texture improved within the first 3 days of storage, as a result of improve the protein hydration.
Also, the appearance of fat-free treatments did not affected significantly (p<0.05) by adding buttermilk with different ratios except for (T6). During the storage period the appearance decreased significantly after 3 days of cold storage. The highest total score was for control (T1) when fresh and during the storage period. Treatment (4) had the highest total score among all fatfree treatments.
It could be concluded that, fat-free yoghurt made with 50% sweet buttermilk as a replacement of buffaloe's skim milk exhibited creamy mouth feel, homogenous good texture and the highest (p<0.05) perceived overall-acceptability among the experimental fat-free yoghurt, and were similar to that of full-fat yoghurt. 
